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transient Ins ( 1, 4, 5) P3 response is due to the desenHowever, it is now clear that PtdIns(4,5)Pz is not sitization of bombesin-stimulated phospholipase C the only phospholipid hydrolysed in response to activation [4, 51; thus demonstrating that the seccellular stimulation and a number of studies have ond, sustained phase of DAG must be derived from shown that phosphatidylcholine (PtdCho) can be an alternative phospholipid. The alternative phosrapidly broken down in response to a range of pholipid in Swiss 3T3 cells appeared to be PtdCho agonists. [6] . This phospholipid is hydrolysed in a variety of PtdCho is the major phospholipid class found cell types upon agonist stimulation, although it has in mammalian cells and it has been demonstrated to been suggested that, at least in NIH 3T3 cells, phosconstitute up to 50% of the cellular phospholipid. It phatidylethanolamine is also hydrolysed (see [ 31) . is found in all cellular membranes and is made up To analyse agonist-stimulated PtdCho hydroof a number of different molecular species, e.g. 1,2-lysis, a rapid and simple ion-exchange method for diacyl-, 1-0-alkyl-2-acyl-and 1 -alk-1 '-enyl-2-acylanalysing the water-soluble choline metabolites was sn-glycero-3-phosphocholine; also, further diversity developed [6] . Use of this method demonstrated exists in that the acyl chain structure of PtdCho can that there was an increase in the generation of vary considerably (see [3] for review). Therefore, choline (Cho) and choline phosphate (Chop) after phosphodiesteric cleavage of PtdCho could bombesin stimulation of Swiss 3T3 cells, but that generate multiple species of DAG, phosphatidic there was no change in the levels of glyceroacid or fatty acids, which potentially could have phosphocholine. Analysis of the time course of the important ramifications for cell metabolic generation of choline metabolites demonstrated that responses.
the primary detectable product was Cho with Chop The importance of PtdCho hydrolysis in being generated more slowly [6] . experiments demonstrating the generation of the water-soluble products in the absence of the alcohol are performed, to rule out the potential contribution of a base exchange activity. Swiss 3T3 cells were labelled to isotopic equilibrium with ['Hlpalmitic acid and stimulated with bombesin in the presence of 30 mM-butanol. This generated a phospholipid with identical chromatographic properties to a standard [ ''C]phosphatidylbutanol (PtdBut) in a dose-and time-dependent manner. Its formation was dependent upon the concentration of butanol used and a similar product was formed when unlabelled cells were stimulated with agonist in the presence of [3H]butanol. Using a maximal dose of bombesin (617 nM), PtdBut was detectable after 15 s of stimulation and was thus produced later than Ins( 1,4,5)P3 which peaked after 5 s. However, the ECS0 value for bombesinstimulated PtdBut formation was again similar to that found for Ins( 1,4,5)P3 and DAG generation.
The identical ECS0 values for bombesinstimulated Ins( 1,4,5)P3 generation, and the two phases of DAG formation and of PtdCho hydrolysis, suggest that each event is controlled by the activation of a single receptor. However, the kinetic differences between the hydrolysis of the two phospholipids could imply that PtdCho hydrolysis is causally dependent upon prior PtdIns(4,5)Pz breakdown. Support for this proposal came from experiments with phorbol 12-myristate 13 [8] . Therefore, it is possible that the initial generation of DAG in response to bombesin stimulation activates protein kinase C to both inhibit phospholipase-C-catalysed PtdIns(4,5)Pz hydrolysis and stimulate phospholipase-D-catalysed PtdCho breakdown.
To test this hypothesis, two approaches were adopted to inhibit the activation of protein kinase C. First, C-kinase activity was downregulated by treatment of Swiss 3T3 cells with 400 nM-PMA for 48 h. Under these conditions, the ability, both of agonists such as bombesin, vasopressin and prostaglandin FZa, and of PMA, to stimulate the activation of phospholipase D was abolished [6, 71. Secondly, cells were stimulated in the presence of Ro-31-8220, a C-kinase inhibiting staurosporine analogue [9] . The inhibitor completely abolished PMAstimulated phospholipase D at concentrations effective in inhibiting protein kinase C activity. However, the inhibitor was only able to inhibit bombesinstimulated phospholipase D activity by some 40% (Fig. 1) . These results indicate that while activation of phospholipase D can be achieved by an increase in protein kinase C activity, it is not the only mechanism involved in agonist-stimulated PtdCho-phospholipase D activity. (Fig. 1) . However, when the protein kinase C inhibitor, Ro-3 1-8220, was included with the Ca2+ ionophore, the activation of phospholipase D was inhibited, suggesting that the effect of an increase in [Ca'+], upon phospholipase D may have been mediated via a Ca2+ activation of protein kinase C (Fig. 1) . Lastly, when cells were stimulated with bombesin in the presence of the protein kinase C inhibitor in a low Ca2+ medium, approximately 30-40% of the normal increase in PtdBut formation was still observed (Fig. 1 In addition to being hydrolysed by a phospholipase-D-catalysed pathway, PtdCho is acted upon by a phospholipase A, in bombesinstimulated Swiss 3T3 cells. This response is clearly observed as an increase in the generation of free ['HHIarachidonate in prelabelled cells and in the transient generation of lysophosphatidylcholine. The generation of both of these PtdCho metabolites is observed within 2 s of agonist stimulation and reaches a maximum within 10 s. Bombesinstimulated arachidonate generation was dose dependent with an EC,, value of 2.7 f 0.6 nM, which is similar to that observed for the activation of inositol lipid hydrolysis and for PtdCho-phospholipase D activity. Experiments, similar to those described above for investigating the regulation of phospholipase D activity demonstrated that bombesin-stimulated phospholipase A, activity is completely independent both of protein kinase C activity and the entry of Ca". This would suggest that the enzyme is directly activated by occupation of the bombesin receptor, perhaps via the interaction of a G-protein as has been suggested [ 1 11 . Surprisingly, we have been unable to detect any significant increase in either lipoxygenase or cyclo-oxygenase products in bombesin-stimulated cells. It would, therefore, appear that arachidonic acid itself may have a function in the cells. Indeed, arachidonate has been demonstrated to act both as an activator of protein kinase C in vitro [ 121 and as an inducer of Ca'+ release from intracellular stores Phosphatidic acid, the lipid product of phospholipase D action, can be converted to DAG by the action of phosphatidate phosphohydrolase; however, it may be that phosphatidate itself has important functions within the cell. Both phosphatidic acid and arachidonic acid can inhibit the activity of the p21"-regulating protein GAP [ 141 and together with DAG stimulate the activity of a p21" GTPase-inhibiting protein [ 151 in vitro.
Phosphatidic acid can also function as a mitogenic agonist in its own right [16] .
The bombesin receptor has recently been purified from Swiss 3T3 cells and subtypes do not appear to exist [ 171. Therefore, it would seem likely that the three pathways, i.e. PtdIns(4,5)P, breakdown catalysed by phospholipase C and PtdCho breakdown catalysed by both phospholipases D and A,, are stimulated in response to the activation of a single population of bombesin receptors. However, if each of these responses is so regulated then the concept of receptor-G-protein-effector fidelity must be questioned. 
Introduction
Phospholipase-C-catalysed hydrolysis of phosphatidylinositol-4,s-bisphosphate has been studied extensively as an intracellular signalling system for Ca2 Table 1 lists the cells in which phospholipase D activation by specific agonists has been demonstrated by measuring one or more of phospholipase-D-derived products.
